WORLD INTELLECTUAL PROPERTY ORGANIZATION 
fntemational Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
H04B 7/005 



A2 



(11) International Publication Number: 
(43) International Publication Date: 



WO 97/26716 

24 July 1997 (24.07.97) 



(21) International Application Number: PCT/FI97/00022 

(22) International FUing Date: 17 January 1997 (17.01.97) 



(30) Priority Data: 

960276 



19 January 1996 (19.01.96) 



FI 



(71) Applicants (for ail designated States except US): NOKIA 

TELECOMMUNICATIONS OY [FI/FIl; Upseerinkatu 1, 
FlN-02600 Espoo (FI). NOKIA MOBILE PHONES LTD. 
{Fl/P\\\ Nakolankatu 8. FIN-2410Q^Salo (FI), 

(72) Inventors; and 

(75) Inventors^Applicants (for US only): SAARIO. Eija (FI/FI); 
Kiaarantie 1 A 1, FIN-00200 Helsinki (FI). SALON AHO. 
Oscar [FI/FI); Oksascnkatu 4 BA 8, FIN-00100 Helsinki 
(H). 

(74) Agent: TEKNOPOLIS KOLSTER OY; c/o Kolstcr OY AB. 
Iso Roobertinkatu 23. P.O. Box 148. FIN-00121 Helsinki 



(81) Designated States: AU. CN, JP, NO, US, European patent (AT. 
BE, CH. DE. DK, ES, FI, FR, GB, GR, IE, IT, LU. MC. 
NL, PT, SE). 



Published 

Without international search report and to be republished 
upon receipt of that report. 
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(57) Abstract 

The invention relates 
to a radio system and a 
method for controlling 
transmitting power in a 
radio system comprising 
one base station or 
several base stations 
(100) communicating 
with subscriber terminal 
equipments (106 to 
110) located within its 
area, in which method 
the transmitting power 
of the equipments is ' 
controlled stepwise by 
power control commands 
and in which method 
the step size of a change 
in transmitting power is' 
adjusted separately for 
each connection. To make 
an accurate and fast power 
control possible, the step 
size is adjusted in the 
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method of the invention on die basis of several received successive power control commands in such a way ttiat from the power control 
commands to be examined is calculated the number of two successive commands in different directions in proportion to the number of the 
commands to be examined and that the calculated proportion is compared to a reference value, and that the step size is adjusted on the 
basis of said comparison. 
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A method for controlling transmitting power and 
a radio system 

Field of technology 

The invention relates to a method for control- 
ling transmitting power in a radio system comprising one 
base station or several base stations communicating with 
subscriber terminal equipments located within its area, 
in which method the transmitting power of the equipments 
is controlled stepwise by power control commands and the 
step size of a change in transmitting power is adjusted 
separately for each connection. 

Prior art 

It is typical of a cellular radio environment 
that the propagating conditions of radio waves vary con- 
stantly. Both in a signal received by a subscriber ter- 
minal equipment and in a signal received by a base sta- 
tion, constant variation, i.e. fading, occurs. In fading 
of the signal, two different types of phenomena may be 
distinguished. Fading may be either fast or slow and 
both phenomena usually occur simultaneously. 

Fast fading of a signal is caused by multi- 
path propagation typical of a cellular radio environ- 
ment, where a signal propagates along several different 
routes between a transmitter and a receiver. Signal com- 
ponents arriving at the receiver different ways are 
summed in the receiver, and depending on the mutual 
phase differences between the signal components, they 
either amplify or attenuate each other. The level of the 
signal may vary considerably, up to dozens of decibels, 
along a distance of less than half a wavelength already. 

Slow fading of a signal, in turn, is caused by 
the fact that, on the radio path, there is a varying 
number of factors causing additional attenuation, such 
as natural obstacles or buildings. The effect of slow 
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fading on the signal consists, as its name suggests o£ 

:::t^:: :e:".rjsnarg "r/^-^^ 

ea Dy fast fading, which causes strong power 

Due to the above-mentioned constant strength 
variation of the received signal, the transmitting p^^er 
used by a subscriber terminal equipment and a base s^a 
tion must be monitored continuously and efforts must be 
made to control it suitable at each moment of time. The 

Of th T"" '° "'^^ transmitting power 

of the dev.ce as low as possible, still maintafnLg a 
su .xc.ent quality of a connection so that the signal 
"ill not interfere with other connections and so that 
the power consumption of a portable terminal equipment 
m particular will be small. 

Controlling the transmitting power is generally 
based on monitoring the power of the received signal to 
be carried out in the receiver. The control may be im- 
plemented for instance by means of power control mes- 
sages transmitted by a controlling device to the trans- 
mitter to be controlled. A power control message com- 
prises an instruction for increasing or decreasing the 
transmitting power by some power quantity or step 

As an example of an implementation of power 
control according to prior art is presented the Interna- 
tional Patent Application PCT/US92/04161 "Method and 
apparatus for controlling transmission power in a CDMA 
cellular mobile telephone system", m the method accord- 
ing to the publication, power control messages are util- 
ized, by Which the transmitting power of the transmitter 
to be controlled is decreased or increased stepwise, m 
the present solution, the step size is constant 

Keeping the step size of the power control 
constant causes problems in situations in which the sig- 
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nal or the interference level change from time to time, 
but still not continuously. Such a situation arises in 
a WLL (Wireless Local Loop) system, for instance, where 
the subscriber terminal equipments are fixedly located 
or changes in signal level are generally rather small. 
On the other hand, changes in interference level at 
times cause even great changes in the signal-to-inter- 
ference ratio. 

If the power control of a radio system is car- 
ried out by means of a large fixed step size, the prob- 
lem is a strong fluctuation of the used power around the 
desired power level. This concerns particularly the WLL 
system, in which channel changes usually are small. On 
the other hand, if the step size of the power control 
is small, there is a risk that the power control algo- 
rithm is not capable of following fast variations in the 
signal-to-interference ratio. 

The publication SuS.-L., ShiehS.-S.: Reverse- 
Link Power Control Strategies for CDMA Cellular Network, 
Sixth IEEE Int. Symposium on Personal, Indoor and Mobile 
Communications, PIMRC'95, Toronto, September 2 7 to 29, 
1995, referred to here, discloses a method in which the 
transmitting power is controlled stepwise and the step 
size can be adjusted separately for each connection. In 
this method, two successive power control commands are • 
utilized, on the basis of which the step size is" 
changed. Even though the described method is better the 
previous method using constant step, the control is 
still rough. 

Characteristic features of the invention 
The object of the present invention is to real- 
ize the power control of the radio system in such a way 
that no strong fluctuation occurs around the desired 
power level and that the power control still is capable 
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This is achieved by means of a method of the 
type described in the preamble, which method is charac- 
terized .n that the step size is adjusted on the basis 

Tn i:2T ^^^T" — rol commands 

xn such a way that from the power control commands to 
be examined xs calculated the number of two successive 
commands .n different directions in proportion to Z 
number of the commands to be examined and that the cal- 
culated proportion is compared to one or several prede- 
termined reference values, and that the step size is 
adjusted on the basis of said comparison. 

The invention relates further to a radio sys- 
tem, the transceivers of which carry out transmitting 
power control stepwise by means of power control com 
mands separately for each connection by varying steps 
The radio system of the invention is characterized in 
that the transceivers of the system comprise means for 
storxng information relating to successive power control 
commands, means for calculating from the stored informa- 
tion the proportion of the number of two successive com- 
mands in different directions to the number of the com- 
mands to be examined, means for comparing the obtained 
proportion to a predetermined reference value and means 
for adjusting the step size on the basis of the compari- 
son ^ 



By means of the method of the invention, a fast 
and accurate power control is achieved, m a preferred 
embodiment of the invention, the signal -to- interference 
ratio of the signal is followed and the step size is 
changed on the basis of the behaviour of the interfer- 
ence level to be larger or smaller. The step size can 
be changed without extra signalling. 
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In another embodiment of the invention, con- 
clusions are drawn from the power control commands con- 
cerning whether the step size is too large or small. 

Description of figures 

In the following, the invention is described 
in greater detail with reference to the examples accord- 
ing to the attached drawings, in which 

Figure 1 shows a radio system to which the 
method of the invention can be applied, 

Figure 2 illustrates an example of the struc- 
ture of a transceiver of the system according to the 
invention . 

Description of preferred embodiments 

A preferred embodiment of the method according 
to the invention is examined next by using a WLL system 
as an example without being restricted to that, however. 
Correspondingly, the solution of the invention is appli- 
cable also to cellular and other radio systems, as is 
obvious to one skilled in the art. 

Figure 1 shows a schematic diagram of a WLL 
system, to which the method of the invention preferably 
can be applied. Accordingly, WLL systems are systems in 
which a radio telephone system is used for replacing a 
conventional telephone line network. In a WLL system, 
the subscriber terminal equipments are fixedly mounted 
in user premises like a conventional telephone. The 
structure of the system is similar to that of a conven- 
tional cellular radio system. The example system in 
Figure 1 comprises a base station 100 connected by means 
of a digital transfer link 102 to a base station con- 
troller 104 and through that further to the other parts 
of the system and to a fixed telephone network. 

Moreover, the system comprises a number of sub- 
scriber terminal equipments 106 to 110, which are fixed- 
ly mounted for instance in each subscriber's apartment 
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like a traditional telephone. The terminal equipments 
communicate over the radiopath with base stations, typi- 
cally with the base station which offers a connection 
of the best quality, it shall be considered that, in an 
actual system, the number of terminal equipments natu- 
rally IS substantially higher than in the example of 
Figure 1 . 

The power control method according to the in- 
vention can be applied both to a base station and to a 
subscriber terminal equipment. In the following, a fall- 
ing transfer direction, i.e. a transmission from a base 
station to a terminal equipment, is examined by way of 
example. Accordingly, let us assume that the terminal 
equipment transmits power control messages to the base 
station. The power control messages can be implemented 
m manners known per se . 

The base station receives power control mes- 
sages at given intervals from the subscriber terminal 
equipment. The principle of the solution according to 
the invention is that if a power increasing command is 
generally followed by a power decreasing command, the 
power control step is too large and it can be made 
smaller. Then the transmitting power remains more accu- 
rately as desired. In the opposite case, i.e. if gener- 
ally parallel commands come one after the other, e.g. 
a number of power increasing commands come one after the 
other, the power control step can be increased. 

Let us assume that a transceiver stores infor- 
mation of the received power control messages in a vec- 
tor having some predetermined length. To the vector is 
added information of new messages always when they 
arrive or at predetermined intervals. Then the oldest 
information is removed simultaneously. 

Information of changes in the direction of 
successive power control commands is stored in the 



wo 97/26716 PCT/FI97/00022 



vector. If a power increasing command is followed by a 
power increasing command, the value of the newest 
element of the vector is set to '1' . If a power decreas- 
ing command is followed by a power decreasing command, 
5 the value of the newest element of the vector is set to 

'1', correspondingly. If a power increasing command is 
followed by a power decreasing command or a power de- 
creasing command is followed by a power increasing com- 
mand, the value of the newest element of the vector is 

10 set to '0'. Subsequently, the number PROq of '0' values 

included in the vector is calculated in proportion to 
the length of the vector. This calculated proportion 
PROo is compared to a predetermined threshold value TREq. 

If the proportion is bigger than the set 

15 threshold value, the step size of power control is 

changed according to the following formula: 

PROo 

PC,^sbc (t + 1) = PC,^size (t) - • CH 

2 0 THEq 

where CH is the minimum power value of step size adjust- 
ment. The step size is thus made smaller. It is, how- 
25 ever, possible to determine a minimum value for the step 

size, below which value the step size does not fall.. 

If the proportion is smaller than the set 
threshold value, the step size of power control is 
changed according to the following formula: 



30 



1 - PROo 
THEo 



35 



The step size is thus increased. It is, however, pos- 
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sible to determine a maximum value for the step size 
which value the step size does not exceed. 

If the proportion is equal to the set threshold 
value, the step size of power control is not changed. 

The above procedure can be repeated always when 
the next power control command is received or at desired 
xntervals. If the vector length is k elements, an updat- 
ing can be made for instance at intervals of k+i re- 
ceived commands. 

According to a preferred embodiment of the in- 
vention, threshold values of different sizes, THE, and 
THE^, can be determined for an increase and decrease of 
the step size. Then, if the obtained proportion PROo is 
greater than or equal to the THE, and smaller than or 
equal to the THE,, the step size is not changed. 

Further, according to another preferred embodi- 
ment of the invention, the size of that vector in which 
the information of the changes in the direction of suc- 
cessive power control commands is stored is not con- 
stant, but it can be changed as per situation. 

Some possible values for the above-mentioned 
variables are, for instance, step size minimum value O.l 
dB, step size maximum value 0.7 dB, threshold value 0 5 
minimum power value of step size adjustment 0.005 dB and 
vector size of 2 to 6 elements. The above values have 
been obtained by simulations in a WLL environment, but 
m a practical system the variables obtain values de- 
pending on each system and environment, which values may 
differ from the above-mentioned ones mentioned only as 
an example. 

Advantages of the solution according to the 
invention arise from the fact that the step size can be 
adjusted according to the invention as small as possi- 
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ble, due to which the power control is accurate, but if 
necessary, the step size can be increased rapidly in 
varying circumstances . 

In the following, the structure of a trans- 
ceiver to be used in a radio system according to the 
invention is examined. Figure 2 illustrates one trans- 
ceiver of the radio system, to which transceiver the 
method of the invention can be applied. The transceiver 
can either be located in the base station equipment or 
it can be a subscriber terminal equipment. The structure 
of the equipment is in both alternatives identical as 
to the parts substantial for the invention. 

In transmitting direction, the transceiver 
comprises means 214 for coding a transmitting signal, 
the output of which means is operationally connected to 
the input of modulating means 212, the output signal of 
which means is brought to a transmitter unit 21C. In the 
transmitter unit, the signal is converted to a ' radio 
frequency and amplified. From the transmitter unit the 
signal is brought via a duplex filter 202 to an antenna 
200 . 

In receiving direction, the transceiver further 
comprises a receiver unit 204, to which a signal re- 
ceived by the antenna 200 is brought via the duplex fil- 
ter 202. In the receiver unit 204, the received signal 
is converted to an intermediate frequency, and the out- 
put signal of the unit is operationally connected to the 
input of converter means 206. In the converter means, 
the signal is converted to a digital form. The converted 
signal is brought to detector means 208, from which the 
detected signal is brought further to the other parts 
of the receiver. In addition, the equipment comprises 
control and calculation means 216, which control the 
operation of the other blocks mentioned above. The con- 
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trol and calculation means are typically implemented by 
means of a processor or a separate logic. 

The transceiver according to the invention 
comprises means 216 for storing information relating to 
successive power control commands, such as information 
of the direction of a power control command in form of 
a vector, means 216 for calculating from the stored 
information the proportion of the number of two succes- 
sive commands in different directions to the number of 
the commands to be examined, means 216 for comparing the 
obtained proportion to a predetermined reference value 
and means 216 for making the step size of power control 
smaller if the proportion is greater than the reference 
value and for making the step size of power control 
larger if the proportion is smaller than the reference 
value. The means 216 can also calculate the magnitude 
of a change in step size on the basis of how much the 
calculated proportion differs from the set reference 
value. The described operations can be implemented by 
means of a control processor, which carries out the 
calculations and transmits the information to the dif- 
ferent parts of the transmitter. The corresponding oper- 
ations can also be carried out by means of separate 
logic and memory circuits, as is obvious to one skilled 
in the art . 

Though the invention has been described above 
referring to the example of the attached drawings, it 
is clear that the invention is not restricted to that, 
but it can be modified in many ways within the scope of 
the inventive idea set forth in the enclosed claims. 
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11 
Claims 

1. A method for controlling transmitting power 
in a radio system comprising one base station or several 
base stations (100) communicating with subscriber ter- 
minal equipments (106 to 110) located within its area, 
in which method the transmitting power of the equipments 
is controlled stepwise by power control commands and the 
step size of a change in transmitting power is adjusted 
separately for each connection, character- 
ized in that the step size is adjusted on the basis 
of several received successive power control commands 
in such a way that from the power control commands to 
be examined is calculated the number of two successive 
commands in different directions in proportion to the 
number of the commands to be examined and that the cal- 
culated proportion is compared to one or several prede- 
termined reference values, and that the step size is ad- 
justed on the basis of said comparison. 

2. A method according to claim l, char- 
acterized in that if the calculated proportion 
is greater than the given reference value, the step size 
is made smaller, and if the calculated proportion is 
smaller than the reference value, the step size is in- 
creased, and if the proportion is equal to the reference ' 
value, the step size is not changed, 

3. A method according to claim 1, char- 
acterized in that the magnitude of a change in 
step size depends on how much the calculated proportion 
differs from the reference value. 

4. A method according to claim 1, char- 
acterized in that the number of successive 
power control commands to be used for adjusting the step 
size is constant and that each time a new power control 
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command arrives the oldest command is left outside the 
number to be examined. 

5. A method according to claim i, char- 
acterized in that the number of successive 
power control commands to be used for adjusting the 
step sxze is constant and that the number of commands 
IS updated by new commands at given time intervals. 

6. A method according to claim 1, char- 
acterized in that the number of successive 
power control commands to be used for adjusting the step 
size IS adjusted for each connection. 

7. A method according to any of the foregoing 
claims. Characterized in that an upper and 
a lower limit have been set for the step size of a 
change in transmitting power. 

8. A method according to claim i, char- 
acterized in that threshold values of different 
sizes are used to increase and decrease a change in step 
size . 

9. A radio system comprising transceivers (100, 
106 to 110) , which carry out transmitting power control 
stepwise by means of power control commands separately 
for each connection by varying steps, charac- 
terized in that the transceivers (100, 106 to 
110) of the system comprise means (216) for storing 
information relating to successive power control com- 
mands, means (216) for calculating from the stored in- 
formation the proportion of the number of two successive 
commands in different directions and the number of the 
commands to be examined, means (216) for comparing the 
obtained proportion to a predetermined reference value 
and means (216) for adjusting the step size on the basis 
of the comparison. 



10. A system according to claim 9 



char- 
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acterized in that the transceivers (100, 106 
to 110) of the system comprise means (216) for decreas- 
ing the step size of power control if the proportion is 
greater than the reference value, and for increasing the 
step size of power control if the proportion is smaller 
than the reference value. 

11. A system according to claim 9, char- 
acterized in that the transceivers {100, 106 
to 110) of the system comprise means (216) for calculat- 
ing the magnitude of a change in step size on the basis 
of how much the calculated proportion differs from the 
set reference value. 
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The invention relates 
to a radio system and 
method for controlling 
transmitting power in a 
radio system comprising 
one base station or 
several base stations 
( 1 00) com m un icating 
with subscriber terminal 
equipments (106 to 
110) located widiin its 
area, in which method 
the transmitting power 
of the equipments is 
controlled stepwise by 
power control commands 
and in which method 
the step size of a change 
in transmitting power is 
adjusted separately for 
each connection. To make 
an accumte and fast power 
control possible, the step 
size is adjusted in the 
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